Spin-related electronics using two dimensional (2D) van der Waals (vdW) materials as a platform are believed to hold great promise for revolutionizing the next generation spintronics. Although many emerging new phenomena have been unravelled in 2D electronic systems with spin long-range orderings, the scarcely reported room temperature magnetic vdW material has thus far hindered the related applications. Here, we show that intrinsic ferromagnetically aligned spin polarization can hold up to 316 K in a metallic phase of 1T -CrTe 2 in the few-layer limit. This room temperature 2D long range spin interaction may be beneficial from an itinerant enhancement. Spin transport measurements indicate an in-plane room temperature negative anisotropic magnetoresistance (AMR) in few-layered CrTe 2 , but a sign change in the AMR at lower temperature, with -0.6% at 300 K and +5% at 10 K, respectively. This behavior may originate from the specific spin polarized band structure of CrTe 2 . Our findings provide insights into magnetism in few-layered CrTe 2 , suggesting potential for future room temperature spintronic applications of such 2D vdW magnets.
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Spin-polarized 2D vdW layers have been a cuttingedge topic in recent years, as it not only provides opportunities for new-concept nanostructures, [1] [2] [3] [4] [5] but also serves as a test-bed for novel spin physics. [6, 7] Especially, spintronic devices built with vdW magnets have aroused great interest. [8] For example, magnetoresistance in spinfiltered magnetic vdW heterojunctions was manifested to be as high as 10000%, far superior to that of conventionally grown magnetic thin films. [9] More recently, currentinduced magnetic switch was succeeded in the Fe 3 GeTe 2 few-layers, [10] suggesting vdW magnet a versatile platform for nanoelctronics. However, most of those demonstrated vdW spintronic devices are functioning at low temperature, which are practically not preferable.
Interestingly, even in those vdW magnets with relatively low intrinsic Curie temperature (T C ) such as Fe 3 GeTe 2 , room temperature 2D ferromagnetism can often be realized via certain extrinsic manners, such as strong electron doping with an ionic gate, [5] or the enhancement of magnetic anisotropic energy through a micrometer-sized geometric confinement. [11] Nevertheless, these methods are in principle incompatible with large scale solid state device applications. Demonstrations of spintronic devices based on intrinsic room temperature ferromagnetic vdW materials remain challenging.
To date, intrinsic vdW ferromagnets with T C above 300 K have been reported in a very limited library of materials, including epitaxially or chemical vapour/exfoliation synthesized 2D films of MnSe x [12] , VTe 2 , [13] and VSe 2 [14, 15] their origin of magnetism since MnSe x and VTe 2 were reported in absence of an experimentally well defined T C . [12, 13] The origin of ferromagnetism in the 2D limit in MnSe x and VSe 2 are yet to be fully understood, as bulk forms of them are known to be non-magnetic. [16] [17] [18] [19] Recent theoretical and experimental analysis indicate that a charge density wave phase may be playing key roles in the magnetic order of VSe 2 . [20] [21] [22] [23] During the preparation of this manuscript, we notice that bulk vdW Fe 5 GeTe 2 has a T C of about 310 K, while its few-layer samples has T C of about 270 K, slightly lower than room temperature. [24] It is noticed that Cr x Te y has been one of the overlooked families so far in the hunt for room temperature vdW magnets. Among them, 1T -CrTe 2 is a layered compound with ferromagnetism critical temperature of ∼320 K in its bulk phase, making it a candidate for the investigation of 2D ferromagnetism. [25] In this work, we performed mechanical exfoliation of a bulk vdW crystal of 1T -CrTe 2 , and found that the Curie temperature above 300 K for bulk CrTe 2 can be retained down to the fewlayered 2D limit. Our simulations suggest that exchange coupling due to an enhancement of itinerant type was the source of room temperature ferromagnetism in both bulk and few-layered CrTe 2 . The 2D ferromagnetism in few-layered CrTe 2 was further investigated in the framework of in-plane AMR at different temperatures. Our findings demonstrate that few-layered CrTe 2 can be a candidate for next generation room temperature spin-related 2D nanoelectronics.
RESULTS
Characterizations of bulk phase of CrTe 2 . Bulk CrTe 2 single crystals were prepared (see Methods) and were confirmed via x-ray diffraction ( Supplementary Figure 1 ). It is known that 1T -CrTe 2 has a layered structure with lattice symmetry of space group P 3m1 ( Fig. 1a ). To confirm the crystalline structure of the as-synthesized crystals, we performed transmission electron micrograph (TEM) of an exfoliated CrTe 2 flake, as shown in Fig.  1b . Clear hexagonal lattice structure, resembling the top view of Fig. 1a , can be seen. Atomic force microscopy was used to characterize the morphology (upper panel of Fig.1c ) with its corresponding magnetic domain shown in the lower panel of Fig. 1c . As can be seen, at room temperature, the bulk CrTe 2 has a fringe-like magnetic domain, with the domain width of about 1 ∼ µm. Zerofield-cooled (ZFC) and field-cooled (FC) thermal magnetization curves of bulk CrTe 2 were obtained. As shown in Fig. 1d , the Curie temperature T C is determined to be around 320 K with a 1,000 Gauss magnetic field applied. To clarify the magnetization behavior of bulk CrTe 2 , M-H loops were examined at 10 K and 300 K, which are both typically ferromagnetic, as shown in Fig. 1e .
Magnetic properties of exfoliated few-layered CrTe 2 . In order to study the magnetism of CrTe 2 in the 2D limit, we carried out mechanical exfoliation using the standard scotch tape method. [26] Atomic Force Microscope (AFM) scan of a typical CrTe 2 flake (thinnest part of ∼6.1 nm) is shown in Fig. 2a -b. It is found that the yield of atomically thin CrTe 2 is rather low compared to those easily exfoliated layered compound such as graphene, and the thinnest flake we could obtain was ∼3 nm (Supplementary Figure 2) . Moreover, similar to other telluride materials, few-layered CrTe 2 in air is easily degraded, leading to failure for any further characterizations ( Supplementary Fig. 3 ). Hexagonal boron nitride (h-BN) encapsulation in a glove box therefore can be a solution to avoid air-degradation of ultra-thin CrTe 2 flakes. A detailed Raman spectra measurements of fewlayered CrTe 2 is given in Supplementary Figures 4-6 . It is found that intrinsic thin flakes of CrTe 2 show Raman shift peaks at about 99.7 and 132 cm −1 , while degraded ones will shift its characteristic peaks to 120 and 140 cm −1 with higher intensity. It thus provides us a quick way to select the pristine thin flakes for magnetic and electrical measurements.
With protection from air, the h-BN sandwiched thin layers of CrTe 2 were deposited onto transparent quartz substrates for Faraday measurements, as sketched in Fig.  2c . Oblique incident probe beam with respect to the sample plane was applied to monitor the in-plane component of the magnetization in the few-layered CrTe 2 flakes ( Supplementary Figure 7) . Spot size of about 2 µm diameter laser with wavelength of 800 nm was used, and an optical image of typical sample is shown in Fig.  2d . A typical 10 nm CrTe 2 sample was loaded in a vacuum chamber and measured in a transmission configuration ( Supplementary Figure 7) with its magnetization hysteresis loops (M-H loops). As shown in Fig. 2e , the few-layered CrTe 2 exhibits characteristic ferromagnetic M-H loops at 300 K, while the loop became a linear background above 320 K. We extracted the saturated Faraday effect signal at H=40 mT, and thus obtained an effective M-T curve, shown in Fig. 2f . The general trend of M-T in few-layered CrTe 2 is rather similar to that measured in its bulk, with a T C to be around 316 K in few-layered CrTe 2 , as indicated by the solid arrow in Fig. 2f .
Interestingly, among the known room temperature 2D ferromagnets, i.e., VSe 2 , MnTe 2 , MnSe x , and CrTe 2 , they all belong to a family of transitional metal dichalcogenides MX 2 with octahedral units (1T ), as illustrated in the cartoon in Fig. 2g-2h . The triangle M sublattice of the 1T major phase gives rise to a first-neighbor coordination number of 6. Besides the indirect superexchange coupling, itinerant exchange [27] should be playing an essential role due to the metallic nature of these room temperature vdW ferromagnets. To test whether itinerant (or band) ferromagnetism appears in a metal, one usually refers to the so-called Stoner criteria, namely the I s * N(E F ) ≥ 1 condition [28] . The I s quantity is called Stoner exchange integral, which depends very little on bonding environments [28] , and N(E F ) is the electronic density of states at the Fermi level. In Fig. 2i , four typical MX 2 2D room temperature ferromagnets are given, and compared to both the corresponding elemental metals and ferromagnetic Fe, Co and Ni elemental metals. Expectedly, only Fe, Co and Ni among all the given elemental metals meet the Stoner criteria to exhibit band ferromagnetism. However, the 2D VSe 2 , CrTe 2 , MnTe 2 and MnSe 2 have I s * N(E F ) much increased upon that of the corresponding elementary metals, and the Stoner criteria is then met for a band ferromagnetism in these 2D materials. The chalcogenide atoms are important in boosting ferromagnetism in terms of the following: Figure 8) . (iii) The Slater criterion [29] . In this criterion, a ratio r 2ra of interatomic distance r over the double atomic radius 2r a has to exceed 1.5 for the occurrence of ferromagnetism [29, 30] , with Fe, Co and Ni elementary metals satisfying this criterion, while V, Cr and Mn not. The existence of chalcogenide X atoms in those 2D 1T -MX 2 may play a role in enlarging the interatomic separation To further quantify the strength of itinerant exchange interaction, mean-field solution to the Heisenberg model is employed [28, 31] , namely, T c = 2zJS(S+1) 3k B , in which z is the coordination number (for instance z = 6 in 1T MX 2 ), J is the exchange, and S is the spin angular momentum (orbital angular momentum L = 0 due to orbital quenching in octahedral MX 2 ). We therefore evaluate the exchange J in terms of J = 3k B Tc 2zS(S+1) and show it in Supplementary Figure 9 . The exchange strength J, around 70-120 meV , is comparable to that in the elemental ferromagnets and 2D itinerant ferromagnets, but much larger than that in non-itinerant 2D magnets such as CrI 3 (Supplementary Figure 9) . We have to admit that the evaluation of exchange is more or less simplified due to the lack of consideration of several factors including magnetocrystalline anisotropy, and the exceptional cases of charge density wave (CDW) in VSe 2 and VTe 2 [32, 33] . A thorough understanding on the room temperature ferromagnetism in the 2D 1T -MX 2 remains an open question.
DISCUSSION
Spin transport of CrTe 2 in the 2D limit. We now come to the investigation of spin transport behaviour in few-layered CrTe 2 . Different ways of protection methods were performed, including Pt thin film capping and BNencapsulation ( Supplementary Figures 10-11 ), in order to enhance the air-stability of few-layered CrTe 2 . In general, ultra thin CrTe 2 can be quite stable as long as heating is well avoided during the whole fabrication process. As sketched in Fig. 3a , the CrTe 2 flakes were encapsulated by two h-BN flakes, with Au electrodes patterned in between via lithography. Optical image of a typical BN-encapsulated device is shown in Fig. 3b . Because of the in-plane magnetic anisotropy, no detectable Hall signal was obtained in those devices. In the following, we mainly focus on the longitudinal resistance R xx , with the configuration for measurements illustrated in Fig. 3c . Fig. 3d shows R xx at 2250 Oe, recorded in a typical CrTe 2 device with thickness of 10 nm, as a function of the angle θ between the in-plane magnetic field B and the electrical current J flowing between source and drain electrodes. A two-fold cos(2θ)-like oscillation behaviour was observed, similar to previously reported. [34, 35] Fig. 3e shows the corresponding magnetoresistance (M-H curves) at 300 K for θ=0 o , and 90 o , respectively (data at more temperatures shown in Supplementary Figure  12 ). It is noted that when heated up to 330 K, the AMR related features disappear, and can be re-appearing once the sample is cooled back down to 300 K. This is a prove that the ferromagnetic-paramagnetic phase transition in few-layered CrTe 2 is reversible. This observed negative in-plane AMR behaviuor (reproduced in multiple sam-ples as shown in the Supplementary Figures 13) is seen in some conventional half-metallic ferromagnets such as Ni 3 FeN [34] , as well as in recently reported Mn-doped Bi 2 Se 3 [36] . On the contrary, many other ferromagnets, such as Ni and Fe, [37] and vdW materials Fe 3 GeTe 2 [38] (with much smaller r AMR ) have positive in-plane AMR.
When further cooled down, as shown in Fig. 4a , the shape of r AMR became more or less deviated from the cos(2θ) symmetry. At 10 K, the general r AMR changes its sign from negative into positive, with its amplitude reaching 5%, at the same order of magnitude as compared the maximum AMR reported in the NiFe alloys [39, 40] . However, NiFe alloys such as Ni 3 FeN thin film has positive r AMR at room temperature and negative r AMR at low temperature [34] , which are quite opposite with respect to that observed in few-layered CrTe 2 . According to the spin scattering model [41] 
, the competition between conducting electrons at each spin branch will be the origin of the sign change on the experimentally obtained r AMR at different temperatures.
We recorded the R-T curves of R xx for the same device measured in Fig. 4a , at θ=0 o (red solid line) and 90 o (blue solid line), with a fixed in-plane magnetic field of 2250 Oe, as shown in Fig. 4b . A crossing point can be seen in the boxed area, as also zoomed in the inset, at the temperature of about 26.5 K. By computing the partial density of states (PDOS) of mono-layer CrTe 2 , it is clearly seen in Fig. 4c and Supplementary Figure  14 that N d ↑ is much larger than N d ↓ . Nevertheless, as illustrated in Fig. 4d (more details refer to Supplementary Figure 14) , at the Fermi level, the spin majority (↑) Cr d orbital is more localized than the spin minority (↓) Cr d orbital, meanwhile, Cr s orbitals for both spin majority and minority are delocalized. It is therefore expected that spin up electrons contribute to the minority of conductivity, due to a much larger magnitude of s-d scattering in spin up channel than in spin down channel, making σ ↑ − σ ↓ < 0, thus a positive r AMR at low temperature. When thermal excitation takes over with increasing temperature, more spin up Cr d orbitals are occupied, suppressing s-d scattering and giving rise to a sign change in the σ ↑ − σ ↓ term, thus a negative r AMR up to 300 K.
In conclusion, after the three reported room temperature 2D ferromagnets, we have found the 4 th one, i.e., CrTe 2 . By optical and electrical measurements, ferromagnetism was proven to be prevailing in CrTe 2 in the few-layered limit, with Cuire temperature above 300 K. Detailed spin transport measurements suggest that a half-metalicity in its spin-polarized band structure gives rise to a -0.6 % r AMR at 300 K, which changes into a +5 % r AMR at 10 K. Our studies reveal that vdW 2D ferromagnet CrTe 2 can be a candidate for future room temperature spintronic applications, since it can be, in principle, further implemented into in-plane spin valves, as well as large size flexible spin devices.
METHODS
The 1T -CrTe 2 single crystals were synthesized indirectly by oxidation of KCrTe 2 . The parent compound KCrTe 2 was prepared by a molar mixture of the corresponding elements (nK:nCr:nTe=1:1:2) under argon atmosphere. The mixture was heated at 900 o C for seven days in an evacuated quartz tube and then cooled to room temperature at the rate of 10 o C h −1 . The as-synthesized black parent compound KCrTe 2 was dispersed in acetonitrile and the excess iodine was added very slowly. After stirring for 12 hours, the residue was washed with acetonitrile for three times and the brilliant dark gray platelets 1T -CrTe 2 were obtained. The h-BN (crystals from HQ Graphene) encapsulated CrTe 2 devices were fabricated using the dry-transfer methods (Supplementary Figures 31) [3] in a glove box. A Bruker Dimension Icon AFM was used for thicknesses and morphology tests. Raman measurements were performed by an HR 800 JobinYvon Horiba polarized Raman spectroscopy. The electrical performances of the devices were measured using a physical properties measurement system (PPMS, Quantum Design) and a probe station (Cascade Microtech Inc. EPS150) under ambient conditions. The electronic properties in this work were calculated by using the first-principles density functional theory as implemented in the VASP code [42] . The electron-ion interaction and electronic exchange-correlation interaction were respectively described by Projector augmented wave (PAW) pseudopotentials [43] and the Perdew-Burke-Ernzerhof (PBE) [44] functional. The electronic kinetic energy cutoff for plane-wave basis was set to be 520 eV. The energy criterion for reaching self-consistency was set to be 10 −8 eV. The Brillouin zones were sampled using the Γ-centered Monkhorst-Pack mesh by 20×20×1 k-points and 40×40×1 k-points for self-consistency and electronic density of states, respectively. [45] DATA AVAILABILITY The data that support the findings of this study are available from the corresponding authors upon reasonable request. 
